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FLIGHT MEASUREMENTS TO DETERMINE EFFECT OF A SPRING-LOADED
TAB ON LONGITUDINAL STABILITY OF AN ATRPLANE
By Paul A. Hunter and John P. Reeder

SUMMARY

In conjunction with a program of research on the
general prodlem of stabllity of airplanes in the climblng
condltion, tests have been :nade of a sapring-loaded tab,
which is referred to uas a “sprliangy tab," installed on the
elevator of a low-wing scout bombver. The tab was arranged
to cdeflect upward with decresse in speed, which caused an
l1ncrease in the pull force required to trim at low speeds
and thereby increased the stlck-free static longltudinal
stability »f the alrplane.

It was found thkat the sprinsy tab would increase the
stick~free stabllity 1n &1l flight conditlons, would
recduce the danger of inadvertent stalling because of the
definite pull force requlired to stull the ailrplane wilth
power on, would reduce the effect of center-of-gravity
position on stlck-free static stabllity, and would have
little effect on the elevator stick forces 1n accelerated
flight. Another advantage of the springy tab 1s that 1t
might be used to provide almost any dssired variation of
elsevator stlck force with speed by ad]Justing the tab
hinge-moment characterlistics and the variatlon of spring
moment wlth tab deflection. TUnllke the bungee and the
bobwelght, the springy tab would provide stick-free
statlic stablility without requiring a pull force to hold
the stick back whlle taxylnz. A davice simllar to the
springy tab may be used on the rudder or ailserons to
eliminate undesirable trim-force varlations wlith anpeed.

INTRODUCTION

The National Advisory Cormlttee for Aeronautics has
Initiated a program of research on the general problem of
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the stabllity of alrplanes in the climbling condition. In
conjunction with this program, & memuber of the ¥saCA staff
sugpested a device that incresses the sticli-free

stabllity at low speeds and yet cdoes not affect the stlck-
free stabllity at high speeds. This device conslsts of

a spring-loaded tab on the elsvator. This tab is arranged
to dellect upward wlth respect to the elevator and to
cause an increased pull force for trim at low spneeds. As
the speed 1is lncreased, tne upvarc tab deflectlon, and
therefore tre lncrement of pull force, 1s decreased until
at hi:h speod the tab reaches a stop in its neutral posi-
tion and has no further effect on the elevator forces.

A tab of this tyne, referred +o herein as a "springy
tab," was built and installed on the right elevator of a
low-wing scout bomber, Zight flicht tests were made of
the ailrplane wltli the sprinzy-tad installation. The data
obtained in these i'llihts ure compuarad hereln with cdata
previously obtained {or the same airplsne with tlhe produc-
tion tab locked.

APPARATTS

A slde view of the alrplsne used in this investlga-
tion 1s shown in figure 1. 7The production models of the
alrplane tested incorporate a tab on the right elevator
that 1s designed as a bualancing tab obut 1s usually locked.
This tab was utlilized for the springy-tab installation.
The springy tab was statically and dynamically over-
balanced by moving its hinge llne rearward 0.25 inch and
by adding welght to its leading edge. For the sprinzy-
tab 1instellation, the elevator mass balunce was increased
to obtaln ths original mass overbalance of the elevator.
A vlan viea of the stabillzer, slevator, and tab is shown
in figure 2.

A shringz was installed as shown In figure 3 to pro-
vide a moment about the tab hinze line. The link con-
necting the spring to the tab was vlvoted on the tab at
a point behind the hinge line so that the gradient of tab
hinze moment with deflectlon could be made elther stable
or unstable by adjusting the geometry of the aystem and
the spring characteristics. A small subtudb was attached
to the tralling edge »f the springy tab in order to adjust
the floating angle of the tab, and stops were provided to
1limit the upward deflection of the springy tadb to 21° and
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the downward deflectlion to 0°., Photographs of the snringy-
tab instdllation are given &as.flgures ! and 5. Unless
otherwise noted, the variation of springy-tab hinge rmoment
with springy-tab angle (as measured on the ground) wus as
shown 1n figure 6 and the angle of the subtab upward from
the springy-tab center line was approximately 6.5°.

The relation between the elevator angle, measured
from the stabillzer, and the stick position 1s shown in
figure 7. The friction in the elevator system 1s indil-

cated in figure 8 to be of the order of 12% pounds. The.

alrplane was fitted wlith a bobwelght that required a
stick pull force of approximately 5 vpounds. The bob-
welght, which was installed for the tests of the alrplane
with the orlginal tab and with the springy tab, ls a pro-
duction installation and had no effect on the relatlve
stabllity of the two configurations. Elevator angle,
elevator stick farce, sprlnzy-tab an;le, veloclty,
acceleration, and time vere detem:ined from standard NACA
recording instruiients. Elevetor angles were measured from
the stabilizer in all cases. The alrspeed used through-
out, called correct service 1indicated airspeed, 1s the
airspeed that would be . lven by a standerd AN alrspeed
meter if 1t were ccnnected ©tn a pltot-stutic system free
from positlon error and is defined by

Vig = 45.08 £ \a,

where

Vis correct service indlcated airspeed, mlles per hour

o standard sea-level compressibllity correctlion
factor

d, measured difference between total and steatle

prescsures corrected for pitot-statlc position
error, lnches of water

The elevator-system mechanical advantage was changed
between the time that the tests of the airrlane with the
orlginal tab and the tests 5f the alirplane with the
springy tab were made. The stick forces for the airplane
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with the original tab, however, have been corrected to
correspond to the mechanlcal advantage of the alrplane
with the springy tab installed.

RESULTS AND DISCUSSION
Static Longltudinal Stablllity

The first several flights were made to adjust the
characteristics of the springy tab to give the desired
effects on the statlc longltudlnal stabllity. 1In these
flights, the sneced range over which the tab operated was
founéd to be too small and the friction in the tub system,
too large. These faults were corrected by adjusting the
tension in the spring, by adiusting the angle of the
subtab, by changing the position of the link Jolnt on the
tab, and by installing ball bearings in ail moving joints
of the springy-tab system. Unless otherwlise noted, the
data on static longltudinal stabllity are from rlights
made subsequent to these changes.

Figures 9(a), 10(a), 1l(a) and (b), and 12(a) show
the static longltudinal stabillty characteristics of the
airplane at both forward and rearward center-of-gravlity
nositions with the springy tab installed. The test flizght
condltions are defined 1n table I. Comnarable data pre-
viously obtalined with the airplane having the orlginal
tab locked at zero deflectlon are shown in figures 9(b),
10(b), 11(c) and (&), and 12(b). The stick-free stebility
characteristics of the sirmlane with the orizinal tab and
of the alrplane wlth the springy tab are compered 1in
figure 13 for the clliwmbing and zliding condltions at the
rearward center-of-gravity position. The voints indicated
as 8pot runs were obtalned from short records taken while
the airplane was 1In equllibrium in a given i'light condi-
tion. The polnts cesignated continuous 1uns were read
from longer records during which the sneed was slowly
decreased.,

The effects of the springy tab on the statvic longl-
tudinal stablillity of the alrplane as compared with the
ef fects of the original tab (figs. 9 to 13) may be
summarlzed as follows:

(1) The springy tab lncreased the stlck-free stablility
in all flight condltions as manifested by larger negative
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slopes of the curves of elevator stick force against air-
speed. In power-on flight with the center-of-gravity
position at approximately 32 percent of the mean asrody-
namic chord - a condlition in which the airplane with the
original tab had a large degree of instability both stick
fizxed and stick free - the variation of stick force with
alrspeed became stable throughout the speed range. 1In
the power-off condlitlons, for which the ulrplane with the
original. tab was stable, the rull forces required to trim
at low speed were increased by the springy tab to an -
extent that was consldered ‘somewhat objectlonable by the
pllots, although the pull force never sxceeded 30 pounds.
Some lightening of the pull force at the stall occurred
in cases 1n which the springy tab reached 1ts maximum
deflection a few miles per hour above the stalling speed
but stick-force reversal occurred.only in the landing
condition at the rearwarc center-of-gravity position.
Because the springy tab reached its stop at zero deflec-
tion at approximately 280 miles per Lour, the highest
speed of the springy-tab tests, it would be expected to
have no effect on the stability at higher speeds.

(2) The springy tab tended to reach maximun deflec-
tlon at a speed near the stalling speed for all flight
conditions despite thre varliation of stalling speed with
Flight condition. The lncreascd dynamlc pressure on the
tall in power-on condltlions probably accounts for the
fact that the tab reached 1ts maximum deflection at a
lower apeed In these condlitions.

(3) The springy tab reduced the effect of center-of-
gravity position on the stick-free statlc stablllity. The
curves of elevator stick force agalnst alrspeed, wlith the
apringy taeb instelled, almost colincide 1in the low-speed
range at the two center-of-gravity positions tested. The
increased up-elevator deflectin~ns required for trim with
the more-forwarc center-of-gravity positions resulted in
smaller upward deflections of the tab beceuse of the sero-
dynamlc hinge moment, due to elevator @eflectlion, acting
on the tab,

(L) The stick-fixed static lonsitudinal stability
was sllzghtly decreased by the &ctlon of .the springy tab,
as shown by the smaller up-elsvator .qr larger down-
elevator deflections required for trim at low speeds with
the springy tab in operation.
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Dynemic Longltudinal Stability

The results of the statlc-stability measurements
indicated that the alrplane with the springy tab installed
was stable with the stick free in all flight condltions.
For condltions in which a large amount of sticit-fixed
instabllity exlsted, it was considered desirable . to
Investigate whether the alrplane with the springy tab
Iinstalled would tend to return to 1ts trim speed if the
spead were changed slightly and the control stick released.
The results of tests maucde In the climbing und gliding
ccnditions in which the stick was releasecd at a speed
slightly above the trim speed are given in figure 1. 1In
the climbing condition (fiz. 1ll(a)), the airplane did not
tend to return to its trim sneed but instead the spveed
increased slightly at first. The stable vuriation of
stick force wlth speed in this condition (fig. 9(a)) would
glve a change in sticl: force of less than 2 poinds for
thls change in trim speed. This amount of change in stick
force 1s less than the friction in the elevator control
system. The elevetor therefors remained essentially fixed
cduring this maneuver and the initial divergence from the
trim sneed was caused by the sticlk-Iixsd instavpility in
this flight condltion. Some sli.tht upn-eleyator moction
occurred near the end of the maneuver and orevented the
speed from continuing to Increase; in Iact, the spesd
anparently began to decrease slightly.

In the glidiing condition (fix. li(b)), the airplane
Initially tended to return to 1ts trim speed. Thut this
stable tendency was due largely to thne action of the
sprinzy tab may be seen frowm the motlon of the elevator
when the stlick was released. Th=z alrplane also hsd a
small amount of stick-fixed stavility in this condition
(fig. 10(a)). Some lug in the action of the tab is
indicated in figure 1, (t) ani may have been caused partly
by the small amount »f friction in the tad systeam snd
partly by She elevator motlon. Decause the alrnisne was
not in steady fllight, the slevator &n,les in these tests
did not beur the same relation to airspeed as in the
static-stability tests (fig. 1lU{a)). ™re lug in the
action of the tab may have caused tne instuvllity of the
long-neriond osclllation shown ln thkils figure. Tue sta-
billity of the oscillation for the eirnlane with the
original tab was not investigated. 3ince the character-~
istics of the long-perioc osclllation huve been shown by
vrevious investigatlons to have no correlation with the

_
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handling quallities of an airnlane, the oscillation shown
_in figure 1l(b) 1s not belleved to be objectionable.

The fallure of the springzy tab to cause the alrplsne
to tend to return to 1ts trim speed when disturbed, in
flight conditions in which the alrplane was very unstsable
with stick fixed, indicates that this device cannot over-
come a deficlency in sticik-fixed stabllity, at least neot
with the same amount of friction as was present in thne
control system during these tests. The pllots did not
conslder the charsacterlstlecs of the alrplane to be satls-
factory for any flight cowudition in which 1t was unstable
with stick flixed, although they belleved that the control
characteristics were lmproved by the springy tab.

Nne advantage of the svringy tab is the reduced
danger of !inadvertent stalling. With the springy tab in
operation, a definite pull force was requlred tn stall
the airplane; whereas, with the criglnal tab, a large
nush force was required to nrevent the stall in powsr-on
condltions.

Accelerated Flight

The varlation of elevatecr stlclk force and snringzy-
tab angle with normal acceleration in turns at 196 miles
per hour 1s shown in fizure 15. Comparable cata for the
alrplane with the originel tub are glven in figure 16.

The springy tab appeared to have little effect >n the
elevator stick forces 1ln acceleratcd flight. For the
saringy-tab system, the test results showed ua slightly
lower slcpe of the curve of elevator stick force with
normal acceleratlion at rearward conter of-srsavity nesl-
tions, es may be seon by comoaring flzures 15 and 16.

The effect of the tab on the force per F normal uaccelera-
tion would be expected tc be greater with the more-forward
canter-of-gravlity nositions because a lurger chanzs 1n
elevator angle would be required to produce a glven accel-
eratlon ard a greater tendency for the tab to t'loat down
would exist. The slight frictlon in the tab system may
have caused the flight measurements to differ from the

. expected tendency. ;
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Take-Offs

Time historles of take-offs of the alrplane with a
forward center-of-gravity positlion are given in
figures 17(a) and (b) for the springy-tab installation
and for the origlnal tab installation, respectively. The
time history of a take-off wlth a rcarward center-nf-
gravity position and the springy-tab lnstallation 1s given
in figure 17(c). With the springy tab, the alrplane was
said to exhibit a tendency towerd automutlc taize-off.
Severel »f the nllots stated that at the start of the
take-off the elevator moved down and then at an airspeed
cf about 80 miles ver hour roved up of its own sccord and
pulled the alrplane off the ground. The action of the
springy tab that produced thls tendency may be seen 1in
figures 17(a) and 17(c). At the start of the teke-off
the srringy tab was ut 1ts maxinum up deflection, wilch
produced & down-elavator novesent; at about 7J miles per
hour, the springy tab started to move down and thereby
pernltted the elevator to move up. Comnarison of the
elavator stick forces for the springy-tab installation
(fig. 17(a)) with those of the alrplane with the origlinal
tab (fig. 17(b)) shows the forces required for the uir-
plane with the springy tab to e less than tuose for the
alrplane with the orizlinal tab. Apprcximately one-half
as much push farce wuas required with the s»ringy tab to
11ft the tall off the ground although tihe cown-elevator
deflections were greatsr with this lnstallatlon.

Trim-Porce Chunges

All pllots who flew the alrplane with the springy
tab commented on the apparently large trim-force change
with power. This and other trim-force chunges are com-
pared in table II with those for the alrplane with the
original tab for speeds of 120 and 100 miles per hour.
These data were obtalined by trimming the uwirnlane first
in the climbing condition cnd =naking successive clanges
in configuration and then trimming in the landing concl-
tion and making svccessive chunges in conflguration, with
records taken after sach change. Tae pull forces requlred
to malntain trim on clesing the throttle with the flups
up were conslderably larger with the svringy tab installed
(tanle IT). The push forces regquired, Lowever, on applylng
full nower with the flaps down were smaller wlth thse
springy tab installed. The arount of trim-tad deflection
for trim 1s greater by the amount requlred to ofrlset the




NACA ARR No. L5I20 9

effect of the springy tab at trim speed. The minlimum
speed at which the alrplane with the springy tab could be
trimmed, when the maximim trim-tab deflection 1s used in
the landing condition (fig. 11l(a)) at elther center-of-
gravity position and in the approach condition (fig. 11(b))
at the forward center-of-gravity poslitlon, was rather
high, particularly in the landing conditlon. As shown in
flzure 11(a), a force of 22 pounds was requlred for trim
1n the landing condlition at 100 mlles per hour, so thne
trim forces shown in table II for this condition do not
correspond to trim-force changes from a trirmed condltion.
The data given for the alrplane with the original tab
trimmed at 100 miles ner hour in the landling condition
were obtalned by interpolation from unnublished data for
an airplane of the same type as that of this investigatlion
because data for the alroplane with the original tab were
not available.

Cormarlson of S8pringy Tab with Other Devlices
Providing Stick-"ree Stabllity

In 8 discussion of the springy tab, it wight be
apprconriate to comnare it witi. other devices used to
improve sticik-free static longltudinal stability. oOne
device 1sed for thls »urveose is a spring in the contr»ol
systen that exerts e moment which tends té <depress the
elevator. Although thls cdevice, called the bungee, will
lncrease the stick-free =stabillity, it nas cdlisacdvanteges:
A pull force must be exerted by the pilot to hold the
scick back while tuxying and thes high push forces that
may be required in high-speed rflight would result 1in
excessive acceleratlons if the stlick were released in an
out~-of-trim dive. The same. disadvantages ap»n»ly to a bob-
welght exicept that it produces en additlonal lncrease »f
stick force with an lncrease in normal acceleration, which
would prevent excesslve acceleratlons 1in this maneuver.
The springy tadb wlll not causse any appreclable pull force
while taxying because the dynamic pressure on the tab at
taxying apeeds 1s low. In addition, the springy tab willl
not cause large push forces at high speed because 1t will
then be deflected to 1ts neutral position.

Another advantage of the springy tab cver the bungee
or bobwelght 1s that the stlick-force characteristlcs may
be adjusted to obtaln almozt any desired elevator stick-
force variation with speed. Thls adjJustment may be
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accomplished by changlng the aerodynamic characteristlcs
of the tab, the spring moment at zero tab deflection, and
the varlatlon of the moment exerted by the s»ring with
tab deflection. A force increment of almost any value
can be applied at any part of the speed range of the air-
plane. The variatlon of linge moment with deflection for
the initial springy-tab configuration is shown in figure 18.
Tne static longitudinal stablility characteristics of the
alrplane with the initlal s»ringy-tab configuration before
the changes incicated on nage li were made are shown in
figure 19. A comparison of figure 19 with fizure 9(a)
saows the wlde variatlon of slevator sticx-force churac-~
teristlcs obtalined with the snringy tab for tne change in
hinze moment petween that shown 1n figure 1€ and that
shown 1n figure 6. It siould be noted that a large
Increase in stick-free stability in the low-3peed range,
wnere adverse effects of power ure usually greuatest, may
be obtainec¢ wlthout greatly affecting the stabllity at
higher speeds by the use of a variation of s»ring moment
wlth tab deflectlon in which the smHring noment that tends
to move the tab upwaré lacreases for the larger up-tab
deflectlons.

Because a springy tab :nay be used to adjuat the
control-orce variation with speed within wice limits, it
can be used on the rudder cr ailerons to eliminate
undeslirable trim-force changes with speed.

CONCLITSTONS

From flight tests to determline the effect of a
snring-loaded tab on the longltudlnal stabllity charac-
teristics of a low-wing scout bomber, the following con-
clusions were reached:

1. Compared with the original tab lnstallation the
sprirngy tab lncreased the stlcx-free stabillty in all
flight condlitlons as manifested by the larger negstive
slones of the curves of elevator stick force aguilnat air-
speed. In the climbing conditlion at = rearward ceanter-
of-gravity position - a condition in which the airplune
with the original tab showed stick-free instability
throuzhout the speed range - the alrolane with the soringy
tab exhibited satisfactory stick-force variation with
speed.
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2. The pilots did not consider the characteristics
of the alrplane to be satisfactory for any flizht condi-
tion in which it-was unstable with stick fixed, altizough
they bslieved that the control characteristics were
improved by the springy tab.

3. The springy tab reduced the danger of lnadvertent
stalling because of the definlte pull force required to
stall the airplane with power on.

li. The springy tab may be used to provide almost any
cdesired variatlion of elevator stick force with speed by
adjusting the tab hinge-moment characterlstics ané the
varlation of spring moment with teb deflsctlon.

5. The springy tub tended to reach maximun deflection
et a speed near tke stalling speed for all Ilight condl-
tions desplte the variatlon of stalling speed with flight
condltion.

6. The springy tab recduced the effect of center-of-
gravity posltion on stick-free atatlic stability.

7. The stlck-fixed static longltudinal stabdillty vias
5lightly decreased by the actlon of tue springy tab.

8. The springy tab had 1lititle effect on the slevator
stick forces in acceleruted {lignt.

9. Pull forces regulred to :aintain trim on cloalng
the throttle with flavs up were corslderably larzer with
the soringy tab installed than with the origlnal configu-
ratlion. The push forces requlred, howsver, on applylag
full power with flaps down were smaller wilth the srringy
tab installed.

10. The springy tab would provlide stick-free statlc
stabllity without requiring a pull force to Lold the
sticx back while taxying, a3 would Tte rejuired oy the
bungee axd -he bobweight.

Langlew Femnirial Aeronautical Iaonratory
National Advisory Committece For Aeronautics
Langiey .'ield, Va.
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TABLE I

ATRPLANE CONFIGURATIONS FOR TEST FLIGHT CONDITIONS

§ ————

Power
Condition Engine speed Man%gg%ngr:zsure Flaps ngging F;ggg gg:;s
(rpm) 5000 f£t)
Climbing 21,00 38 Up Up Closed | Closed
Gliding Power off Power off Up Up Closed Closed
Landing Power off Power off Down Down Open Closed
Approach 2,00 21 % down Down open Closed
Wave-off 21,00 38 Down Down Open Open

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II
TRIM-FORCE CHANGES

Stick force, 1lb

02161

Power 120 mph 100 mph ]
Manifold pressure Alrplane with Airplane with Alrplane with Airplane with
Eng%:;n;peed {in. Hg at L:ggine Flaps F:::; gi;;s springy tab original tab springy tab original tab
5000 ft) Trim tab, 10.8%; | Trim tab, 2.80; Trim tep, 159; Trim tab, 5.29;
¢.g. position, 26.7|c.g. position, 27.0|c.g. position, 26.6|c.g. position, 25.4
(1) (1) (1) (1
24,00 38 Up Up Closed(Closed 0 0 0 0
Power off Tower off Up up Closed|Closed gﬁ.o pull 12.5 pull 2.0 pull 11.0 pull
Power off Power off Down Up Closed|Closed .5 pull 14.0 pull 25.5 pull 15.5 pull
Power off Power offl Down Down Closed|Closed 20.0 pull 12.5 pull 20.0 pull 9.5 pull
Power off Power off Down |Down Open [Cloased 19.5 pull 9.5 pull 21.0 pull 10.0 pull
2l,00 38 Down |Down open | Open 2.5 push 2.0 pull L.5 push 5.0 push
2Loo 21 Down % down{ Open |Closed 9.0 pull 8.0 pull 21.5 pull 6.5 pnil
Stick force, 1b
Fower 120 mph 100 mph =
Airplane with Airplune with Alirplane with Alrplane with
Engine speed Man%fg%dﬂzr::sure L:ﬁﬂing Flaps F§g§§ gg;g, springy tab original tak springy tab original tab
(rpm) 5000 ft) Trim tab, 15°; | Trim tab, 12.5%; | Trim tab, 15°; Trinm tab, 12.69;
c.g. position, 26.5|c.g. position, 2b.6|c.g. position), 26.L c.g. position, 26.4
(1) (1) (1) (1)
Power off Power off Down {Down Open [Closed 0 0 22.0 pull 0
2400 21 Down % down| Open {Closed .5 pull 4.5 push 9.5 pull |ecmecceccccccmaiecen
2Loo 38 Down |Down Open | Open 10.5 push 22.5 push 1.0 push 25.5 push
2,00 38 Up Down open ([ Open 10.5 push 22.5 push 5.0 push 29.0 push
2400 38 Up Up open | Open 9.0 push 20.5 push .5 pull 26.0 push
2400 38 Up Up Closed| Open .0 push 20.5 push 1.0 pull . 25.0 push
Power off Power off Up Up Closed |Closed 18.5 pull = |--e--ce-mccmceencoaa- 4.0 pull e

1

are in percent mean aerodynamic chord.

Trim-tab deflections are in direction for nose up and c.g. positions

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1l.- Side Vv

jew of the low-wing scout bombe

r used in the investigation.
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Figure 2.,- Plan view of the stabilizer, elevator, and tab used in the tests,
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Elevator hinge Ine
Reinforcing  plate

Tab hinge ine
Lead mass baslance

Rear sparj

Motion stops

Front spar
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Figure 3.- Diagram of the springy-tab test installation.
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Figure 4.- Uncovered springy-tab mechanism
installed on the elevator.
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Fig. 13 NACA ARR No. L5I20
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